Introduction
============

Dacryocystitis is an inflammatory condition of lacrimal sac, which is caused secondary to obstruction and blockage of normal drainage of tears that leads to secondary infection. This complication is associated with structural abnormality, infectious disorder of the eye, and traumatic injury. The main clinical symptoms include pain, redness, and swelling of lacrimal sac at medial canthus and epiphora due to inadequate drainage of tears, which in the end result in severe inflammation. Dacryocystitis occurs in both acute and chronic forms.[@b1-opth-12-1859] The acute type is initially caused by nasolacrimal abscess, and in some instance, it is accompanied by dissemination of infection in the form of orbital cellulitis, thrombosis of the superior ophthalmic vein, and cavernous sinus.[@b2-opth-12-1859]--[@b4-opth-12-1859]

The chronic form of dacryocystitis is associated with epiphora (excessive tearing) and chronic conjunctivitis.[@b5-opth-12-1859] The microbiological agent of dacryocystitis varies and depends on acute or chronic type. Although gram-positive bacteria are the most common cause of acute dacryocystitis, clinicians consider gram-negative bacterium in diabetes and immunosuppressive conditions.[@b1-opth-12-1859],[@b6-opth-12-1859] However, several species of bacteria and fungi may be involved in the pathogenesis of chronic type. The main microorganisms include gram-positive bacteria that may be accompanied by both aerobic and anaerobic gram-negative microorganisms.[@b7-opth-12-1859],[@b8-opth-12-1859] Most reports have shown that fungal pathogens, such as *Fusarium* spp., *Aspergillus* spp., and *Candida albicans*, are major species that are usually isolated from dacryocystitis in addition to bacterial strains.[@b9-opth-12-1859]

*Staphylococcus aureus*, *Staphylococcus haemolyticus*, *Streptococcus pneumoniae*, and *Haemophilus influenzae* have been identified as common pathogens in children, and *Staphylococcus epidermidis*, *S. aureus*, *S. pneumoniae*, and *Pseudomonas aeruginosa* are the most contributing microorganisms in adults.[@b10-opth-12-1859]

The choice of antibiotic treatment for dacryocystitis depends on patient's age, disease status (acute or chronic), type of microorganism, available antibiotics and antibiotic resistance patterns in the geographic region that is related to the type of microbial resistance, the distribution of microorganisms, and the spectrum of antimicrobial agents that are used.[@b9-opth-12-1859]--[@b11-opth-12-1859]

Topical antibiotics have limited therapeutic value due to the lack of access to lacrimal system secondary to blockage in the tear drainage and also insufficient penetration into the local soft tissue. Oral antibiotics are effective in most instances. An injectable antibiotic is indicated for severe infection, especially in cellulitis. Preparation of smear and the culture of aspirated material can lead to specific antibiotic therapy, but in most instances, dacryocystitis is only treated based on clinical observations and antibiotic susceptibility tests that are not performed routinely. It should be noted that clinical findings and broad-spectrum antibiotic therapy are not effective alone as a diagnostic tool and therapeutic strategy. Therefore, in each geographic region, having information about the common microorganisms responsible for dacryocystitis is necessary as well as the pattern of antibiotic susceptibility. The aim of this study is to determinate the microbiological and clinical characteristics of dacryocystitis and investigate the antibiotic susceptibility patterns in northwest of Iran.

Materials and methods
=====================

The present research is a cross-sectional and analytical study carried out in Farshchian Hospital of Hamadan (northwest of Iran) during 2016--2017. The protocol of this study was approved by the Ethics Committee of Hamadan University of Medical Sciences with accession number: IR.UMSHA. REC.1395.515, and written informed consent was obtained from all individuals involved. Also, parents provided written informed consent for any participant under the age of 18 years. All patients with dacryocystitis referred to the clinic of ophthalmology were selected for sampling. The only exclusion criteria were lack of patient consent for participation in the culture sampling and previous treatment with antibiotics. Nasolacrimal duct discharges were sampled by ophthalmologist under sterile conditions (without contamination of samples by skin and eyelash) and inoculated to four culture media including blood agar, eosin methylene blue, chocolate agar, and Sabouraud agar in addition to differential media to isolate and determine the bacterial and fungal strains, respectively, and then subcultured to Mueller--Hinton agar for antibiogram, using disc diffusion method with MAST antibiogram discs (made in England). The pattern of antibiotic susceptibility tests was presented at three sensitive, resistant, and intermediate levels, according to the Clinical and Laboratory Standards Institute (CLSI), 2017. Results of smear, culture, and antibiogram of patients were extracted from documents of the microbiology laboratory, and demographic and clinical data were obtained from the medical records of clinic. Acute dacryocystitis is defined as an acute inflammation of distended lacrimal sac with edema and erythema of superficial skin, while chronic dacryocystitis is specified with mucoid discharges, epiphora, congestion, and chronic conjunctivitis. Infection pattern was described separately in under 10 years' age group and the rest.

Cochran's formula for finite population was used for calculating sample size with 95% confidence level and margin of error equal to 0.05. Finally, the obtained data were statistically analyzed using SPSS-16 at the 5% level of significance.

Results
=======

A total of 129 patients with dacryocystitis were enrolled in the study, which included 46 males (35.7%) and 83 females (64.3%). The mean age of the participants was 43.07 (±29.05) years, with minimum of 1 month and maximum of 90 years. The most common age groups were the group under 10 years (23.26%) and over 50 years (46.51%) and the lowest age group was 10--30 years (13.95%) ([Figure 1](#f1-opth-12-1859){ref-type="fig"}).

In this population, 50 patients had right-side involvement and 52 of them had left-side dacryocystitis. In addition, there were 27 patients with bilateral dacryocystitis. In terms of type, 44 patients (34.1%) were encountered with acute dacryocystitis and 85 of them (65.9%) had chronic form. In unilateral involvement, there was no significant difference between the incidence of acute and chronic types (*P*=0.147). However, the frequency of chronic cases was significantly higher in patients with bilateral dacryocystitis (*P*=0.027).

The result of culture was positive in 97 cases (75.2%). The most common type of isolated microorganism was gram-positive cocci (61.8%). Out of 27 bacillus-shaped strains, 25 cases (25.8%) were gram negative and 2 (2%) were gram positive. Fungal species was observed in 10 (10.4%) cases. Based on the morphology of cultivated microorganisms, cocci were mainly prevalent in the acute dacryocystitis (50% of cocci isolated from acute type), while bacillus and fungus were mostly seen in the chronic type (70.37% of bacillus and 90% of fungus isolated from chronic type).

In this study, the dominant strain in the culture media was considered as an effective microbial agent in the pathogenesis of dacryocystitis, and antibiogram was performed on this dominant strain. It was also assumed that if two strains with equal colony count were found in the medium, both of them must be introduced as causative agents of dacryocystitis, and antibiogram must be performed for each of them separately, but this situation did not occur in any of our patients. Nevertheless, in our study, polymicrobial result was obtained in 17 of 97 positive cultures and an average of 2.2 strains per culture medium was isolated from these 17.5% polymicrobial cases, but antibiogram was performed only on the dominant strain and it was reported as a microbial agent.

*S. aureus*, *S. epidermidis*, and *S. pneumoniae* were the most prevalent microorganisms in patients with acute dacryocystitis, while *S. epidermidis*, *Pseudomonas* spp., *S. aureus*, and *C. albicans* were common species in those with chronic type ([Table 1](#t1-opth-12-1859){ref-type="table"}).

The most sensitive antibiotics used against prevalent bacteria were ciprofloxacin (75.9%), ceftriaxone (73.6%), vancomycin (67.8%), chloramphenicol (60.9%), gentamicin (56.3%), and erythromycin (52.9%) ([Table 2](#t2-opth-12-1859){ref-type="table"}).

Also, the most common isolated microorganisms and the most sensitive antibiotics of patients with dacryocystitis have been listed in two age groups (under and above 10 years) for clinical use and empirical therapy ([Table 3](#t3-opth-12-1859){ref-type="table"}).

According to the chi-squared test, there was no statistically significant difference between acute and chronic types of dacryocystitis in terms of antibiogram, as the *P*-values of difference in susceptibility test for Ceftriaxone, Ciprofloxacin, Vancomycin, Gentamicin, Chloramphenicol and Erythromycin were 0.077, 0.067, 0.155, 0.077, 0.097, and 0.516 respectively.

Discussion
==========

In our study, both forms of acute and chronic dacryocystitis were observed, but out of 129 patients, approximately two thirds of cases (65.9%) had chronic dacryocystitis, with similar results in many previous studies, which represents the role of chronic structural problems in the drainage of tears.[@b5-opth-12-1859],[@b8-opth-12-1859],[@b10-opth-12-1859],[@b12-opth-12-1859]

Based on previous studies, acquired nasolacrimal duct obstruction is more common in middle-aged or elderly patients.[@b10-opth-12-1859],[@b13-opth-12-1859] In the present study, the most common age group was over 50 years old, which accounted for 46.51% of patients and 62.8% of the subjects were over 30 years old; these suggest that the etiology of disease is acquired over time.

We investigated the sex ratio that reflects the superiority of females than males (64.3%, which was 1.8 times higher than men). Similarly, higher percentages of acute and chronic dacryocystitis have been reported in women than in men, in previous studies.[@b9-opth-12-1859],[@b10-opth-12-1859],[@b14-opth-12-1859],[@b15-opth-12-1859] Perhaps the smaller diameter of the nasolacrimal duct in women can explain the cause.[@b16-opth-12-1859]

In terms of the side of the conflict, there was no difference between the left and right sides in our study. It should be noted that about 21% of subjects had dacryocystitis in both sides, and in most cases, it was unilateral. This suggests important role of structural bugs that lead to bacterial colonization because the disease is mostly limited to the side that its drainage is damaged.

Occurrence of dacryocystitis and its severity are dependent on the geography of the region and the type of microbial agents.[@b9-opth-12-1859] During the past 50 years, the microbiological agents of the dacryocystitis have changed; for example, the contribution of *S. pneumoniae*, which in 1930s was the most frequent species of dacryocystitis, was reduced to less than frequency of *Streptococcus epidermidis*.[@b1-opth-12-1859] Microbial diversity of our study was widespread, with different types of bacteria with cocci and bacilli forms including gram-positive and gram-negative species and two fungal species isolated from positive culture, and this variation was consistent with previous studies focusing on microbiological analysis of dacryocystitis.[@b9-opth-12-1859],[@b12-opth-12-1859],[@b13-opth-12-1859]

In our study on 129 cases, the results of the culture were negative in 24.8%, which indicates that there is no growing aerobic factor in one quarter of the patients and suggests the probability of anaerobic agents as an etiologic factor. Although we had signified previous treatment as an exclusion criterion, the cases treated with hidden antibiotics and unknown medications should be considered as possible causes of negative culture results.

The general trend of previous studies including Chaudhry et al (2005), Bharathi et al (2008), Huber-Spitzy et al (1992), Mills et al (2007), Ali et al (2013), and Assefa et al (2015) indicates that gram-positive organisms dominate in both acute and chronic dacryocystitis, and the most common being staphylococcal species.[@b1-opth-12-1859],[@b6-opth-12-1859],[@b8-opth-12-1859],[@b9-opth-12-1859],[@b12-opth-12-1859],[@b14-opth-12-1859] The prevalence of gram-positive bacteria in dacryocystitis has been reported in Finland (62%), Australia (54.4%), Saudi Arabia (79.1%), the USA (68.8%), and in a previous study conducted in Iran (68.8%).[@b7-opth-12-1859],[@b12-opth-12-1859],[@b17-opth-12-1859]--[@b19-opth-12-1859] In our study, most of the isolated bacteria were gram positive (63.8%) and more accurately, gram-positive cocci (61.8%) followed by gram-negative bacilli (25.8%) and fungus species (10.4%), respectively. Also, 45.4% of isolated strains were staphylococcal species.

In the current study, the most isolated bacteria in children under the age of 10 years were *Pseudomonas* and *H. influenzae*, while in subjects older than 10 years, *S. epidermidis* and *S. aureus* were the most isolated bacteria. In previous studies, different amounts of gram-negative bacteria such as *H. influenzae*, *P. aeruginosa*, and *Escherichia coli* have been isolated; 9.7% *Pseudomonas*, 6.5% *H. influenzae*, and 6.5% Enterobacteriaceae species have been reported in the study by Assefa et al (2015), and similar results have been identified in other studies including 9.9% *H. influenzae* in the study by Kebede et al (2010), 15.2% *Pseudomonas* in the study by Pornpanich et al (2016), seven species of *Pseudomonas* in the study by Brook and Frazier (1998), and 11.7% *E. coli* in the study by Huber-Spitzy et al (1992).[@b1-opth-12-1859],[@b9-opth-12-1859],[@b20-opth-12-1859]--[@b22-opth-12-1859] In our study, 25.9% (one quarter of cases) of infections were associated with gram-negative bacteria, including *H. influenzae*, *Pseudomonas*, and *E. coli*.

In our study, the prevalence of organisms responsible for acute and chronic dacryocystitis was different. Despite the fact that cocci were the most isolated bacteria from acute (76.9%) and chronic (51.7%) type of disease, most isolates from 39 cases of acute dacryocystitis included *S. aureus* (33.3%), *Staphylococcus epidermis* (25.6%), and *S. pneumoniae* (17.9%) and of the 58 cases of chronic lesion, the most isolated organisms were *S. epidermis* (25.8%), *Pseudomonas* (15.5%), *C. albicans* (10.3%), and *S. aureus* (10.3%). Interestingly, while *Pseudomonas* and fungal infections were reported as 2.5% in acute dacryocystitis, in chronic lesions fungal infections and *Pseudomonas* were formed in 32.7% of infections. Also, among gram-positive cocci, *S. aureus* is the most common in acute lesions and *S. epidermidis* in chronic types. The same frequency is observed in the study by Eshraghi et al in Iran, just like our study.[@b10-opth-12-1859] In this study, gram-negative bacteria were found to be more prevalent in chronic dacryocystitis that was in contrary to the study by Eshraghi et al in Iran and the study by Hartikainen et al in Finland.[@b10-opth-12-1859],[@b19-opth-12-1859]

In general, the causes of this bacterial diversity in various studies can be due to the number of patients in different studies, the geographical differences in regional pathogens, the difference in the social level of patients, the availability of ophthalmology care, and the awareness of individuals to public health.

In dacryocystitis, treatment of obstruction in the nasolacrimal duct is a surgical intervention. Despite the surgical procedures, in the absence of systemic antibiotics, the likelihood of soft tissue infection is fivefold,[@b20-opth-12-1859] which indicates the role of antibiotics in the treatment of dacryocystitis. In addition, the importance of antibiotic resistance is a challenge that affects the management of dacryocystitis. In the study by Assefa et al (2015), ceftriaxone (95.3%), erythromycin (84.2%), nalidixic acid (87.1%), and gentamicin (83.3%) were the most susceptible antibiotics.[@b9-opth-12-1859] In the study by Kebede et al, chloramphenicol (82.4%), gentamicin (79.1%), erythromycin (68.1%), and tetracycline (61.5%) had the highest effects in antibiogram.[@b20-opth-12-1859]

In this study, among the various strains, the most effective antibiotics were ciprofloxacin (75.9%), followed by ceftriaxone (73.6%), vancomycin (67.8%), chloramphenicol (60.9%), gentamicin (56.3%), and erythromycin (52.9%). It should be noted that although ciprofloxacin was the most common susceptible antibiotic to isolated bacteria, but the greatest effect was on gram-negative microorganisms such as *H. influenzae*, *Pseudomonas*, and *E. coli*, which were not common pathogens of dacryocystitis. Although *S. aureus*, *S. Epidermidis*, and *S. pneumoniae* (the most isolated bacteria from acute and chronic dacryocystitis) were most susceptible to vancomycin and chloramphenicol, but it should be noted that because antibiotic resistance to chloramphenicol and vancomycin has been reported between 32% and 39%, determination of the bacterial species and antibiogram seems to be important in patients with dacryocystitis. According to our findings, after *S. epidermidis*, the most isolated bacteria in chronic dacryocystitis is *Pseudomonas*. Considering that *Pseudomonas* has the highest sensitivity to ciprofloxacin, it seems that in addition to vancomycin, ciprofloxacin is also important in the management of chronic disease. In addition, in children under the age of 10 years, *Pseudomonas* and *H. influenzae* were the most common pathogens with greatest susceptibility to ciprofloxacin and vancomycin.

The difference among studies indicates that there are obvious variations in antibiotic susceptibility pattern in the geographic areas due to the regional pathogens.

Conclusion
==========

Available studies show that microorganisms isolated from patients with dacryocystitis are various based on their regional distribution, prevalence, and antibiotic susceptibility patterns in different geographic areas. The present study is useful for determining the appropriate antibiotic for systemic treatment of dacryocystitis in our region. According to our findings, ciprofloxacin and vancomycin are the most sensitive antibiotics against the most common isolated microorganisms in both age groups (under and above 10 years). In order to use appropriate antibiotics, each region should have sufficient periodic information about the various pathogens involved in dacryocystitis and their antibiotic susceptibility to achieve effective empirical treatment. So, by managing the order of antibiotics, we can control antibiotic resistance. The use of a broader spectrum of antibiotics and anaerobic culture media can be considered in future studies.
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###### 

Frequency of isolated microorganisms in patients with dacryocystitis according to the condition of the disease, along with the most sensitive antibiotics

  Strains                        Type of dacryocystitis   Total         Most sensitive antibiotics   
  ------------------------------ ------------------------ ------------- ---------------------------- --------------------------
  *Staphylococcus epidermidis*   10 (25.64%)              15 (25.86%)   25 (25.8%)                   Vancomycin
  *Staphylococcus aureus*        13 (33.4%)               6 (10.34%)    19 (19.6%)                   Chloramphenicol
  *Streptococcus pneumoniae*     7 (17.94%)               4 (6.89%)     11 (11.4%)                   Vancomycin
  *Haemophilus influenzae*       6 (15.38%)               5 (8.62%)     11 (11.4%)                   Ciprofloxacin
  *Pseudomonas* spp.             1 (2.55%)                9 (15.51%)    10 (10.4%)                   Ciprofloxacin
  *Candida* spp.                 0 (0%)                   6 (10.34%)    6 (6.1%)                     --
  *Streptococcus viridans*       0 (0%)                   4 (6.9%)      4 (4.1%)                     Erythromycin Vancomycin
  *Escherichia coli*             1 (2.55%)                3 (5.2%)      4 (4.1%)                     Ciprofloxacin Gentamicin
  *Aspergillus*                  0 (0%)                   4 (6.9%)      4 (4.1%)                     --
  *Diphtheroids*                 0 (0%)                   2 (3.44%)     2 (2%)                       Vancomycin
  *Streptococcus pyogenes*       1 (2.55%)                0 (0%)        1 (1%)                       Sensitive to all
  Total                          39 (100%)                58 (100%)     97 (100%)                    

###### 

Distribution of susceptibility and antibiotic resistance of isolated microorganisms in dacryocystitis

  Antibiotics       Sensitive    Nonsensitive (intermediate or resistant)   Total
  ----------------- ------------ ------------------------------------------ -----------
  Ciprofloxacin     66 (75.9%)   21 (24.1)                                  87 (100%)
  Ceftriaxone       63 (73.6%)   23 (26.4%)                                 87 (100%)
  Vancomycin        59 (67.8%)   28 (32.2%)                                 87 (100%)
  Chloramphenicol   53 (60.9%)   34 (39.1%)                                 87 (100%)
  Gentamicin        49 (56.3%)   38 (43.7%)                                 87 (100%)
  Erythromycin      46 (52.9%)   41 (47.1%)                                 87 (100%)

###### 

The most common isolated microorganisms and the most sensitive antibiotics of patients with dacryocystitis according to the age groups

  Age group    Most common isolated microorganisms                  Most sensitive antibiotics
  ------------ ---------------------------------------------------- ----------------------------
  ≤10 years    *Pseudomonas* spp. *Haemophilus influenzae*          Ciprofloxacin Vancomycin
  \>10 years   *Staphylococcus epidermidis Staphylococcus aureus*   Ciprofloxacin Vancomycin
